This paper aims to investigate the evaluation and decision-making of product premium based on actual materials of product premium in the market. To this end, the management economics was integrated with neuroscience to create an evaluation and decision-making model. Then, the model was applied to examine the evaluation and decision-making of product premium based on the electroencephalography (EEG) testing technology. A total of four premium stimulants were selected for the analysis, namely beverage, food, garment and home appliance. Through the behavior data and EEG data of the recipients, it is concluded that the well-known and little-known products shared a similar linear relationship between the LPW amplitude induced by the initial stimulant and the target stimulant; the premium of beverage products was evaluated much faster than that of food and garment; there is a significant linear relationship between the acceptance rate and response time in product premium similarity evaluation. The research findings shed new light on the evaluation and decision-making product premium.
Introduction
The "product" is an ancient and time-honored theme in market research. The concept of "product premium" can also be traced far back in time. It is essentially the twin of product exchange (Hagsten, 2015) . Classical economists attribute product premium to the imperfect market competition. In their view, the supplydemand balance of a market is undermined when one or more enterprises monopolize the supply end. To reap more profits, the monopolies must set a higher price than that in a perfect competitive market. The extra price is what is defined as the product premium (Zhang et al., 2014; Rogers et al., 2016) . Information scientists, however, consider the product premium as the result of incomplete market information, that is, information asymmetry between market players. Under information asymmetry, the consumer knows little about the actual quality of a product, and judges the quality solely based on price (Daly et al., 2013; Di Natale et al., 2016; Du et al., 2015; Malara et al., 2016; Student et al., 2017; Ință and Muntean, 2015) . In addition, many other causes of the product premium have been given by welfare economists and psycho-economists (Ponnampalam et al., 2017; Mollick et al., 2013) . Whatever the cause, the product premium provides an incentive for enterprises to sell consistent and high-quality products, and has been willingly accepted by the consumer (Powell and Wagner, 2014 ). There are three major influencing factors of the product premium: the buyer, the seller and the market (Powell and Wagner, 2014) . The effect of these factors is demonstrated as product quality, control standard, the buyer's emphasis on quality, the seller's investment on brand, and the seller's monopoly power (Tienhaara et al., 2015) . Over the years, various paradigms have been created for the research into product premium. Concerning the market behavior and performance of product premium, the research focus has shifted from qualitative analysis to quantitative research based on economic data (Nuijten, 2016) . From the perspective of neuroscience, the neuroscience research into consumer decisionmaking based on the economic behavior of product premium is still in the initial stage (Sharma et al., 2015) .
In view of the above, this paper attempts to investigate the evaluation and decision-making of product premium based on actual materials of product premium in the market and the electroencephalography (EEG) testing technology.
Neuroscience Theory of Consumer DecisionMaking on Product Premium Behavior
Decision neuroscience and consumer decisionmaking Decision-making is the centerpiece of management science. In both management science and economics, the decision-making divided into enterprise decision-making and individual decision-making for actual practice (Olesen et al., 2011; Ren, 2009; Zaccone et al., 2017) . The former aims to minimize the cost and maximize the profit, while the latter evolves with the behavioral and economic theories. With the recent rapid development of behavioral economics, the cognitive science and psychology have been introduced to the traditional decisionmaking process.
The consumer decision-making refers to the entire process from the conception of the idea of purchase to the completion of the purchase. The process is not a linear superposition of the various steps of the purchase (Mcginty et al., 2017) . Traditionally, the consumer decisionmaking involves four distinctive starting points: economic view, passive view, cognitive view and emotional view. It is difficult to integrate all these views into the same decision-making model. Compared to such an all-inclusive model, the bounded rationality hypothesis based on behavioral decision-making is a desirable way to describe the real-world decision-making and selection behavior. Another viable tool is the subconscious decision-making model. By this model, the rationality of decision-making is guaranteed through presenting the current factors and future results or utilizing the perceptive experience of similar situations in the past without unconscious prejudice.
Classification theory and product premium evaluation
It is a common cognitive process to categorize the external information into known objects and concepts (Haque et al., 2014) . The categorization process can be explained by the classification theory. This theory is a type of cognitive theory based on the associative memory model. The classification is often carried out against such factors as product quality, product efficacy, advertisement, and so on. In general, each category contains a specific group of objects and features a certain kind of structure. Here, the classification theory is gradually improved to explain the exact process of emotional and attitude transfer during the evaluation and decision-making for product premium.
Previous research has shown that the interaction between the automatic and conscious processes of the brain is much more complex than the theoretical models (Bruno et al., 2015) . The automatic evaluation is critical to the success of human evolution. It has long been integrated with the conscious evaluation to achieve the desired purpose. For example, the same stimulus will trigger both the automatic and conscious evaluations, and the evaluation results will be represented as implicit and explicit behaviors ( Figure 1 ). Some scholars have predicted consumption behaviors through neurological simulation. The results show that the predicted product price is the same with the result of neurological imaging in the lost nerve circuit. When the consumer prefers a product, the nucleus accumbens septi in the brain will be activated; when he/she finds the premium too high (i.e. the product is too expensive), the insula area in the brain will be activated, while the medial prefrontal cortex will be suppressed/deactivated. Figure 2 shows the theoretical and logical relationship of product premium evaluation and decision-making. It can be seen that the evaluation and decision-making process first follows the associative memory network theory and then the neuroscience theory. In the process, the consumer decision theory determines the extension attitude and decision-making. Figure 3 illustrates the natural property and artificial property of product. As shown in the figure, the success of the product premium hinges on whether the consumer perceives the consistency between the product and the price. 
Product Premium Evaluation and DecisionMaking Instruments and methodology
The EEG test took place in a sound-proof, magnetic-isolated and light-adjustable confined event-related potential (ERP)/behavioral lab. The test instrument is a NeurOne EEG/ERP system (Sampling frequency: 500Hz). The system consists of EEG signal amplifiers and EEG electrode caps (Ag/AgCl64). Two reference electrodes (zero potential) were placed on either side of the chest. In addition, two electrodes were arranged 10mm above and below the eyes, respectively, to measure the EEG signals vertical to the eyes, and another two were arranged 5mm outside each eye to capture the EEG signals horizontal to the eyes. To ensure the data quality and signal to noise ratio (SNR), the impedance of all electrodes was maintained below 5kΩ. The EEG data were recorded and analyzed in the process shown in Figure 4 . The test recipients received visual stimuli from the computer screen, and their EEG signals were collected and superimposed into EEG waveform and topographic images via the amplifiers.
Four stimuli were selected for evaluating the similarity of product premiums, namely, beverage premium, food premium, garment premium and home appliance premium. During the test, each product and its price were presented in pictures for a duration of 1s. The pictures appeared at an interval of about 500ms. The EEG stimuli were recorded continuously, and the behavioral choices were made by the recipients.
Data analysis of product premium evaluation
During the test, the behavior data were recorded according to the keystrokes by the recipients. These data include the acceptance rate of product premium, and the response time of product premium. The former refers to the range of product premium accepted by the consumer, and the latter means the time needed for the consumer to make evaluation decisions. The length of the response time demonstrates the consumer's specific cognitive and emotional processing. Table 1 lists the behavior data of the recipients facing product premium of well-known product and little-known product. It is clear that the product premium of well-known product had a lower acceptance rate and a shorter response time than that of little-known product. In other words, it took a longer time for the consumer to make a decision about the little-known product. Figure 5 shows the correlation potential waveforms of well-known and little-known products at three electrodes (CP3, P3 and PO3). It can be seen that the well-known product exhibited an obvious late positive wave (LPW) in 300ms~600ms. By contrast, the same wave only appeared near the occipital region for the littleknown product; the wave moved to the negative direction with the decrease in the distance to the forebrain; unlike the well-known product, obvious negative potential was observed in the little-known product.
The linear relationship between the amplitude of the LPWs induced by the product name (initial stimulant) and the product premium (target stimulant). It is learned that the well-known and little-known products shared a similar linear relationship between the LPW amplitude induced by the initial stimulant and the target stimulant. Overall, whenever the initial stimulant created a large LPW amplitude, the target stimulant will induce a big LPW.
Product Premium Similarity Evaluation
Behavior data analysis The behavior data under similar product premiums were also analyzed based on the recipients' behavior record, and also from the dimensions of acceptance rate and response time. According to the data in Table 2 , the beverage premium had the highest average acceptance rate and the shortest response time. This means the recipients made a rapid evaluation of the premium of beverage products. The slow evaluation of the premium of food and garment indicates these two types of products are heavily influenced by market monopoly. Figure 7 depicts the linear relationship between the response time and the acceptance rate under similar product premiums. It is observed that the correlation coefficient between the response time and the acceptance rate was γ=0.500, P=0.041<0.05 for beverage products, γ=0.519, P=0.033<0.05 for food products, γ=0.846, P=0.00<0.05 for garments, and γ=0.502, P=0.04<0.05 for home appliances. Hence, there is a significant linear correlation between the acceptance rate and the response time in the premium evaluation of the four types of products. 
EEG data analysis
The EEG data were tested in the same procedure as above. The EEG signals recorded from the 200ms before stimulation to 1,000ms after stimulation were divided into different segments.
With the EEG data in the stimulant-free 200ms as the baseline, the EEG segments were subject to mean superposition according to the similarity between different products. After that, the EEGrelated potentials were filtered by a low pass filter at 30 Hz. When the stimulant appeared, a significant potential band was recorded by the test instrument. Figure 8 shows the waveforms of the central region potentials under the premium similarity of different products. It is evident that, after 200ms, the maximum negative potential appeared at 270ms. This occurred to all four types of products. Hence, the stable EEG component was Figure 9 gives the linear relationship between amplitude and response time at 270ms under the premium similarity of different products. It can be seen that the four types of products exhibited significant correlations between the difference wave and the response time difference at 270ms. In summary, the EEG test reveals the significant linear relationship between the acceptance rate and response time in product premium similarity evaluation.
Conclusions
Inspired by decision neuroscience, this paper applies the EEG testing technology in the evaluation and decision-making of product premium. Through the analysis of the behavioral data and EEG data, the following conclusions were drawn:
(1) The predicted product price is the same with the result of neurological imaging in the lost nerve circuit. the success of the product premium hinges on whether the consumer perceives the consistency between the product and the price.
(2) The well-known and little-known products shared a similar linear relationship between the LPW amplitude induced by the initial stimulant and the target stimulant. Overall, whenever the initial stimulant created a large LPW amplitude, the target stimulant will induce a big LPW.
(3) There is a significant linear relationship between the acceptance rate and response time in product premium similarity evaluation. The four types of products exhibited significant correlations between the difference wave and the response time difference at 270ms.
